Abstract: Nonlinear Bayesian filtering has been utilized in numerous fields and applications. One of the most popular class of Bayesian algorithms is Particle Filters. Their main benefit is the ability to estimate complex posterior density of the state space in nonlinear models. This paper presents the application of particle filtering to the problem of parameter estimation and calibration of a nonlinear power system model. The parameters of interest for this estimation problem are those of a turbine governor model. The results are compared to the performance of a heuristic method. Estimation results have been validated against real-world measurement data collected from staged tests at a Greek power plant.
INTRODUCTION
Mathematical modeling and parameter estimation of electrical power systems are of the great importance for power system operators. Model uncertainties and deviations from reality deeply affect the ability of operators to predict large blackouts Kosterev and Davies (2010) . Speed governors play a major role in power system security and dynamic performance. They are responsible for primary frequency control in the power grid.
Heuristic algorithms to identify of the steam turbine speed governor model parameters have been successful Tao et al. (2012) , Stefopoulos et al. (2005) . In addition, these algorithms have been used to solve other estimation problems in power systems Lee and El-Sharkawi (2008) . The nonlinear recursive least squares method has been applied to estimate parameter values optimizing the measurement and simulation difference in voltage and current through time Pourbeik (2009) . Extended Kalman filtering was successfully applied for generator parameter estimation from real measurements in Huang et al. (2013) .
The application of particle filters in power systems has been recently investigated for dynamic state estimation of a synchronous machine Zhou et al. (2015) . Due to its non-requiring assumptions about the state-space model or the state distributions, there is great potential to exploit Bayesian filtering approach for parameter identification and model validation.
There are technical issues related to identification problems in power systems. First, there is a lack of measurement data due to several reasons. Experimental testing is limited, as it requires the switching of components or part of the network, which is costly. From the other hand, confidentiality issues are always present, so an operator may be able to provide measurements, but not to provide the model, or vice versa. Second, even when the model and measurements are provided, there is always ambiguity and uncertainty in these data. Some details about the network are not documented properly or are a trade secret.In addition, time-series data may contain different number of samples and usually has to be processed before estimation algorithms can be applied.
The contribution of this paper consists in evaluating methods from different frameworks -the Bayesian framework (Particle Filter (PF)) and heuristic optimization (Particle Swarm Optimization (PSO)) in combination with naive (gradient descent) or simplex search (Nelder-Mead (NM) method) using real measurements from staged tests in a Greek power plant.
The remainder of this article is structured as follows. Section 2 describes the algorithms applied for parameter estimation and the turbine speed governor model in the Greek power plant. Numerical tests and simulation results are shown in Section 3, and further discussed in Section 4.
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